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Tom tit:

Nghién ciru khao sit cac yéu to anh hudng dén qua trinh hip phu methylene blue (MB) trong nwéc gia thai bang zeolite NaX. Vat
liéu zeolite dworc tong hop tir tro trau (RHA) khong thong qua tién xir 1y nhim tin dung nguon phu pham ré tién va sin cé tai Viét
Nam. Cic yéu t6 anh hwong dén qué trinh hip phu nhw pH, ndng d9 dung dich MB, lrgng chét hip phu va thoi gian hip phu
da dwoce khao sat cu thé. Bén canh dé, caic mo hinh déng nhiét hz'lp phu Langmuir, Freundlich, Dubinin - Radushkevich, mé hinh
dong hoc hap phu gia kién bac 1 va 2 ciing dugce nghién ciru. Két qua la vat liéu zeohte NaX ¢6 kha niang hap phu MB v6i dung
lwrong hip phu cwe dai va hi¢u sudt hip phu lan lwgt 13 16,67 mg/g va 87,03% & pH 8, néng do MB 1a 15 mg/l, Kkhoi lwgng vat ligu
14 0,05 g va thoi gian hap phu Ia 30 phit. Qua trinh hip phu MB bing zeolite NaX phit hop v6i mé hinh hap phu Freundlich va
la qua trinh hép phu vat ly tudn theo mo6 hinh dong hoc gia kién bac 2. Vat liéu zeolite NaX c6 thé dugc tai sir dung 4 lin véi do
giam hi¢u suat hap phu 14 24,03%. Két qua cia nghién ciru cho thay tiém nang ting dung cua zeolite NaX trong xir Iy chit mau

hiru co'va la tién dé cho cac nghién ctru ve xit ly kim loai ning hay cac loai chét khi.

Tir khoa: hap phu, methylene blue, tro triu, zeolite NaX.
Chi sé phin logi: 1.3

1. Dat van de

Ngay nay, h¢ qua cua sy phat trién kinh té 1a moi truong song
ngay cang bi 6 nhiém nghiém trong hon, dién hinh 13 6 nhiém kim
loai ning, chét thai hiru co nhu thudc nhudm... Céc loai thudc
nhudm duoc sir dung phd bién 1a methylene blue (MB), methylene
orange, crystal violet, malachite green, congo red... la nhimg
ngudn chat thai gdy 6 nhiém nghiém trong dén méi truong nude. Vi
vay, viée xu ly céc loai thudc nhudm mot cach hop 1y voi gid thanh
ré 1a mot van dé dang quan tdm. Mot sb phuong phap xur ly pho
bién cho nganh cong nghiép sir dung thudc nhudm c6 thé ké dén
nhu két tiia hoa hoc, 6 oxy hoa bac cao (Fenton), keo tu, tham thau
nguoc, hip phu. Trong d6 phuong phap hap phy di dugc sir dung
rong i va cho thay hiéu sudt xir I cao véi gia thanh hop 1y [1].

Hang nim, luong triu thai ra tir qua trinh xay xat lia gao udc
tinh khodng 9 tri¢u tAn [2]. Pa sd tréu duoc sir dung nhu mat loai
nhién li¢u thay cho than va khi gas, tr d6 tao thanh mdt loai phu
pham khac 1a RHA.  Luong RHA con lai sau khi 6t chiém khoang

25% trong lugng tru ban dau va gay ra 0 nhiém méi truong. Day
14 ngudn nguyén li¢u tiém nang va ré tién co khoi lugng vo ciing
16n tai nudc ta. RHA ¢6 thé dugc tan dung 1am phan bon, vat
liéu xdy dung [3]. Tuy nhién, phan 16n RHA van dugc thai truc
tiép ra moi truong, gy lang phi ngudn tai nguyén. Do do, viéc
sur dung RHA dé tao ra cac vat liéu ¢6 gid tri s& gop phin bao vé
moi truong. RHA da dugce biét dén nhu 1a mot ngudn nguyén liéu
chtra phan 16n silica, cu the cac nghién ctru vé str dung trdu hodc
RHA lam nguyén li¢u daé tong hop cac vat liéu nhu silica, zeolite,
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cordierite... [4-6], trong d6 cac nghién ciru vé tng hop zeolite tir
RHA da dugc nhiéu nha khoa hoc dac biét chu y.

Zeolite 1a vét lidu vo co ¢o cau tric vi xop véi kich thudc
déng déu va di duoc nghién ctru rong rai. Céu tric cua zeolite
gom mang ludi lién két cua céc tr dién [SiO, |* va [AIO,J*. Cic
tir dién nay lién két voi nhau qua cac cau ndi oxygen tao nén mot
cau triic m& vé6i céc hoc trong [7], vi thé zeolite co nhiéu tmg dung
nhu héap phu, trao doi ion, chat xic tic cho mdt s phan tmg. Mot
so nghlen cuu nhu hap phu thubc nhudm MB, crystal violet, khi

0,, kim loai nang bang zeolite NaA va NaX [8-11] da dugc cong
b6 Trong céc loai zeolite nay, zeolite NaX thudc ho FAU véi kich
thude 16 rong 1én (khodng 8 A) [7 1 thé hién hiéu qué tich cuc
trong hap phu thudc mau hitu co, hép phy khi ‘hay kim loai néng.
Zeolite NaX co thé duoc tong hop tir cic ngudn hoa chat thuong
mai, cac nguén khoang tu nhién hodc cac loai phu phém trong san
xuét cong nghiép va nong nghiép nhur diatomite, cao lanh, tro bay,
va RHA [5, 8, 12].

Qua qua trinh lugc khao tai li€u, nhom tac gid nhan th?iy chua
co cong trinh nghién ctru nao vé xir Iy thudc nhuom MB bing
zeolite NaX tong hop tir RHA dugc cong bd ¢ Viét Nam. Tiép ndi
két qua nghién ctru ciia PL.T. Nguyen va cs (2021) [13], nghién
ctru nay nhim tim ra diéu kién t5i uu cho qua trinh xtr Iy MB trong
nude gia thai bing zeolite NaX, véi cac yéu t6 khao sat nhu: pH,
ndng do dung dich MB, lugng chat hap phu st dung, thoi gian hip
phu. Ban chét cia qué trinh hap phu va kha nang tai s dung cua vét
liéu NaX sau khi hap phu ciing dugc nhom nghién ctru danh gia.
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Abstract:

This work investigates some parameters affecting the adsorption
of methylene blue (MB) in synthesised wastewater using NaX.
Zeolite has been synthesised from rice husk ash (RHA) without
pretreatment to make use of cheap and readily available
by-products in Vietnam. The parameters affecting the adsorption
process such as pH, the concentration of MB, adsorbent dose,
and contact time were specifically investigated. In addition,
the adsorption isotherm models such as Langmuir, Freundlich,
Dubinin - Radushkevich, pseudo-first-order kinetic, and pseudo-
second-order kinetic were performed. The results showed that the
maximum adsorption capacity and efficiency of NaX on MB were
16.67 mg/g and 87.03%, respectively, at pH 8, MB concentration
of 15 mg/l, adsorbent dose of 0.05 g, and contact time of 30 min.
The adsorption of MB by NaX has followed the Freundlich model
and was physical adsorption fitted to pseudo-second-order kinetic.
Zeolite NaX was reused four times with a decrease of adsorption
yield by 24.03%. This study reveals the potential application of
NaX on the removal of organic dyes and future researches on the
removal of heavy metals or gases.

Keywords: adsorption, methylene blue, rice husk ash, zeolite NaX.
Classification number: 1.3

2. Phuong phap nghién ciiu

RHA duoc thu tir Cong ty C6 phan Nam Tién (Khu cong
nghiép Tra Noc, TP Can Tho). Hoa chat s dung gom 14 nhom
99% (Union Chemical Industry Company Ltd.), sodium hydroxide
96% (Xilong), hydrochloric acid 36-38% (Xilong), MB 98,5%
(Xilong), potassium fluoride dihydrate 99% (Sigma Aldrich),
disodium tetraborate decahydrate 99,5% (Merck), bromothymol
blue (Merck). Cac hod chit c6 nguén géc thuong mai va khong
can tinh ché trudc khi sir dung.
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2.1. Téng hop vit ligu NaX

Vit ligu NaX dugc tong hop tir RHA khong nung theo d1eu
kién t6i wu cuia nghién ciru PL.T. Nguyen va cs (2021) [13]. Péu
tién, RHA va dung dich NaOH dugc khuay ¢ 90°C trong 3 gio voi
ty 1€ ran long phu hop. Sau phan tng, hon hop duoe loc ria voi
nude cit va loai b can ran. Phan dung dich thu duoc chi yéu gom
Na,SiO,. Sau d6, thém tir tir dung dich NaAlO, vao dung dich trén
O 50"C va khuay dong nhat trong 2 gio. Sau kh1 dong nhat, hon
hop dugc gia nhi¢t 1én 90°C, gitr ¢o dinh nhiét d¢ trong 4 gio. Cudi
cung, hon hop duge loc, ly tdm va sdy dé thu duoc bot zeolite NaX.
Diéu kién phan tmg tong hop NaX: ty 1¢ mol SiO,:A1,0,=4, ty I¢
mol Na 0:A1,0,=10, thoi gian phan tng 4 gio, nhlet do phan ung
90°C Vé khéng gié hoa.

2.2. Hip phu MB ciia vit ligu NaX

Pién tich bé mit va diém dang dién ciia NaX dugc xac dinh
bing cach cho 25 ml dung dich KC1 0,1 M vao coc thuy tinh, dicu
chinh pH dung dich tir 3 dén 12 bang dung dich NaOH 0,01 M va
HC10,01 M. Can 0,2 g zeolite NaX cho vao cac ce thuy tinh. pH
cua dung dich dugc do sau 24 gi¢. Dién tich bé mit tai cac pH khac
nhau va diém ddng dién cua vat liéu dugc x4c dinh bang do chénh
1éch gitta pH trudc va sau cua dung dich [14].

Céc yéu to anh hlr(mg dén qua trinh hap phu MB clia zeolite
NaX duoc khao sat gom: pH (4-12), khdi luong vét liéu (0, 025-0,2
g), ndng do dung dich ciia MB (5-50 mg/l) va thoi gian hip phu
(15-120 phut). Khao sat sy anh hlr(mg cua pH dugc thyc hién bang
cach cho 30 ml dung dich MB ¢6 nong d¢ 20 mg/l vao binh tam
gie 250 ml, sau d6 diéu chinh pH cua dung dich tir 4 dén 12 bang
NaOH 0,01 M hogc HCI1 0,01 M. Cho 0,05 g vét li¢u zeolite NaX
vao binh va lic déu vai toe do 100 v/ph ¢ nhiét do phong trong 30
phut. Két thic thi nghiém, vat lidu duoc tach ra khoi dung dich
bing cach ly tim. Thyc hién tuong ty dbi véi cac yeu 6 con lai.
Do hip thy quang trong cdc mau dung dich sau qua trinh hép phu
duoc xac dinh bang phuong phap phén tich phd hp thu phan tir
(Ultraviolet-visible spectroscopy, UV-Vis model V730 Jasco) [15].

Dung luong hip phu (mg/g) va hiéu sudt hip phu (%) duoc xac
dinh theo cong thic (1) va (2):

(Co - Ce) xV
= e X (1)
H="C () @)

v6i C, (mg/1) 1a ndng do ban déu; C, (mg/l) 1a nong df ¢ trang théi
can bang; V (1) la the tich dung dich va m (g) 1a khoi lugng chat
hap phu.

2.3. Cdc mé hinh ding nhi¢t hdp phu va dong hoc hdp phu

MO hinh hép phu déng nhi¢t Langmuir, Freundlich va Dubinin
- Radushkevich duge s dung dé danh gia két qua cua qua trinh
hap phu MB bang zeolite NaX [16].

Dong hoc hip phu 1a mot bo thong sb quan trong trong viée ap
dung cac qué trinh hip phu vao xir ly nudc thai, dung dé dy doan
toc do tach chit 6 nhiém ra khoi dung dich. Vi thé, phuong trinh
dong hoc gid dinh bac 1 va 2 dang tuyén tinh da dugc su dung
trong nghién ctru nay [17].
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2.4. Kha nang tdi sir dung ciia zeolite NaX

Vit ligu zeolite NaX dugc sir dung cho qua trinh hap phy MB
theo cac diéu kién tdi wu & cac khao sat trén. Dé khao sat kha
nang tai str dung, NaX duoc khudy trong dung dich NaOH 0,001
M trong 20 phit véi ty 1¢ ran:long = 0,05:25 (g/ml) [18]. Sau do,
NaX dugc say dén khoi lugng khong doi va tiép tuc duoc tai st
dung cho 1an hap phu MB tiép theo. Sau khi t4i sir dung lan 1, vat
liéu duoc giai hap phu va tai sir dung lan 2. Céc thi nghiém tai st
dung h?ip phu MB ctia zeolite NaX tiép theo dugc thuc hién nhu
da mo ta.

3. Két qua va ban luan

Vit liéu zeolite NaX téng hop co dién tich bé mat riéng
va kich thuéc 16 rong lan luot 1a 388,41 m¥g va 12,37 A.
Ngoai ra, két qua phan tich kich thudc hat cua zeolite NaX
cho thdy kich thudc hat chii yéu nam trong khoang 0,3-0,7 pm
va kich thudc hat trung binh tap trung & khoang 0,5 pm [13].

3.1. Xdc dinh di¢n tich bé mdt va diém ding dién ciia vt liéu

Diém dang dién 1a mot yéu 6 quan trong khi nghién ctru kha
ning hip phu cia vat liéu, vi vay viéc xac dinh thong sb nay 1a rat
can thiét. O pH thap (pH<3) vat li¢u zeolite thuong kém bén, do do
khoang khao sat duoc chon tir 3 dén 12 [14] (hinh 1).

ApH
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Hinh 1. Diém déng dién cua zeolite NaX.

Tur hinh 1 ¢6 thé xac dinh dugc diém dang dién cua vat liéu,
tai pH 6,6 thi gia tri ApH=0. Véy diém dang dién (pHPZC) cla vat
ligu zeolite NaX 1 6,6, tai ddy bé mat vt liéu khong tich dién. Két
quéa ndy cho thdy, & moi truong pH<6,6 bé mit vat liéu mang dién
tich duong va ngugc lai.

3.2. Anh hwéng ciia pH

Anhw huong cia pH dén kha ning hép phu MB ciia vt lidu
dugc thé hién trong hinh 2.
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Hinh 2. Sw anh hwéng cta pH dén kha nang hap phu MB cia zeolite
NaX tai khéi Iwgng vat liéu 0,05 g, ndng d6 dung dich 20 mg/l, th&i
gian hap phu 30 phut.

TAP CHI

HOA HOC
ONG NGHE /It Nam 64(6) 6.2022

Khi thay doi tir pH 4 dén 7 thi hiéu sudt hip phu va dung luong
hép phu hau nhu khong cé su chénh 1éch 16n. Tuy nhién, khi thay
d6i pH tir 8 dén 10, hiéu suat hap phu va dung luong hip phy ting
va dat cuc dai tai 83,77% va 10,05 mg/g. Hién tuong nay la do
trong moi truong acid (pH<7) cac ion H' s&€ canh tranh véi céac
phan tir cation MB dan dén lyc twong tac tinh dién giita MB va bé
mit vat liéu gidm dan [14, 17], do d6 hap phu MB tai cac khoang
pH 16n hon 7 s& tot hon. Tai cac khoang pH qué cao (pH 12), hiéu
suét va dung luong giam (76,31% va 9,16 mg/g), c thé 1a do trong
moi truong ¢ nhiéu ion OH, ¢6 su canh tranh cation MB gilta ion
OH- va zeolite khién vat liéu hip phu bi giai hap mot phan [18].
Nhin chung, zeolite NaX c6 kha nang hap phu dung dich MB &
moi truong acid va kiém vé6i hiu sut trén 75%. Pay 1a mot uu
diém cta vat liéu do qua trinh hap phu xi 1y nu6e thai nhiém thude
nhudm trong thyc té ¢6 thé & nhiéu khoang pH khac nhau.

3.3. Anh huéng ciia khéi lwong vit ligu

Su anh huéng cia khoi lwgng vét liu dén kha ning hap phy
MB cita vat ligu dugc thé hi¢n ¢ hinh 3.
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Hinh 3. Sw anh hwéng cua khéi lwong vat liéu dén kha nang hap phu
MB cua zeolite NaX tai pH 8, ndng d6 dung dich 20 mg/l, thoi gian
hép phu 30 phut.

Tir két qua co thé thay r?mg, hiéu suat hap phy tang dan tir
68,58 dén 96,64% va dung luong hip phu lai giam (tir 16,46 dén
2,90 mg/g) khi tang khdi lugng chat hip phu tir 0,025 dén 0,2 g.
Khi khi lugng chat hap phuy it (0,025 g), qua trinh hap phu xay
ra v6i sy khuéch tan nhanh chong cua cdc phan tr MB 1én bé mit
chat hap phu. Tuy nhién, vi khéi luong vét liéu con it nén chua
thé hip phu dang ké lugng MB co trong dung dich, dan dén dung
luong hap phu cao nhung hiéu sut lai thap [15, 19].

Khi ting khdi lwgng chét hap phu tir 0,05 dén 0,1 g, dung luong
hip phu lai giam tir 10,05 dén 5,07 mg/g nhung hiéu suét hip phu
thay dbi khong dang ké vi qua trinh hap phy dan dat dén can bang.
Hiéu suét tiép tuc tang dén 96,64% khi khoi lugng vat liu 1a 0,2
g, nhung dung luong hép phu giam con 2,90 mg/g. Khi tang kh01
luong vat ligu, tim hép phu dugc bo sung thém, dan den hi¢u suat
hap phu tang. T.S. Jamil va cs (2011) [8] da két luan rang, hiéu suét
Xt Iy MB ciia vat lidu zeolite tang nhanh khi thay d6i khéi luong
tir0,1 &én 0,3 g. Tuy nhién, khi tiép tuc tang khdi lugng vat li¢u tur
0,3 dén 1 g thi hiéu suit hip phu khong c6 su thay doi dang ké [8 I.
Két qua nay ciing twong tu v6i cac két qua nghién ciru da cong bd
[15,20]. Mic di dung lrong hap phu dat cyc dai khi st dung 0,025
g vat liéu nhung higu suét chi dat 68,58%. Do d6, dé xir ly dung
dich MB dat hiéu suat va dung lwong hip phu tdi wu, khoi lugng
vat liéu dugc chon 12 0,05 g.
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3.4. Anh hwdng ciia m%ng dp dung dich

Anh huong ciia ndng d dung dich dén kha ning hép phu MB
cua zeolite NaX dugc trinh bay ¢ hinh 4.
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Hinh 4. Sw anh hwéng ctia ndng doé dung dich dén kha nang hap phu
MB cua zeolite NaX tai pH 8, khéi lwong vat liéu 0,05 g, thoi gian hap
phu 30 phat.

Tir hinh 4 ¢6 thé danh gia duoc sy anh huong cta ndng do dung
dich dén kha ning hép phu MB ciia zeolite NaX. Khi ting nong
d¢ dung dich tir 5 dén 40 mg/1 thi dung lugng hap phu tang nhung
hiéu suét hip phu lai giam. Tai cac nong do tir 5 dén 30 mg/1, dung
luong hap phy ting tir 2,86 dén 13,26 mg/g nhung hidu suat xu
Iy MB giam 21,82% (tir 95,5 xuéng 73,68%). O nong do thap,
cac phan tir MB it ddn dén ching dé dang bi hip phu boi vat liéu
zeolite, nén hiéu suit hép phu cao. Khi tang néng d6 dung dich,
cac phan tir MB ton tai day ddc hon, da lap day cac tam hip phu va
gay nén sy kho khuéch tan MB 1én bé mat vat liéu. Bén canh do,
cac phan tr MB con lai trong dung dich c¢6 xu hudng canh tranh
v6i céc phan tir d3 dugc hip phu nén hiéu suat hip phu giam [15,
17, 21]. Do do, néng d6 dung dich la 15 mg/l da dugc lya chon.

3.5. Anh hwéng ciia thoi gian

Anh hudng cua thoi gian dén kha nang hap phu MB ctia zeolite
NaX duoc trinh bay ¢ hinh 5.
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Hinh 5. Sw anh hwéng cla thi gian dén kha nang hap phu MB cua
zeolite NaX vé&i pH 8, khdi lwong vat liéu 0,05 g, nong d6 dung dich
15 mgll.

Két qua hinh 5 cho thy, cac phan tir MB dugc hip phu nhanh
chong lén bé mit ctia vét liéu, hidu suat va dung lugng hép phu lan
lugt 13 76,66% va 6,90 mg/1 6 15 phit dau tién. Khi tiép tuc kéo dai
thoi gian tir 30 dén 120 phit, hiéu sudt hip phu va dung luong hap
phu dat trang thai can bang ¢ 87,03% va 7,83 mg/l. Thoi gian dat
can bang hap phu cua vét liéu zeolite 13 kha ngén (khoang 30 phut)
do céc phan tir MB dugc khuéch tin vao trong cdc 16 rdng ciia
zeolite NaX, din t6i cac tim hap phu dwoc lap dy. NaX st dung
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co dién tich bé mat riéng kha 16n (388,41 m?/g), giup tang khd
ning khuéch tan va tiép xtc ciia cac phan tir MB dén bé mit vat
li¢u so véi cac vat ligu cung loai khac [8, 13]. T.S. Jamil va cs
(2011) [8] da sir dung zeolite NaA va NaX dé xr Iy MB tir 5 dén
150 phut va cho thay thoi gian can bing hip phu t6i wu 13 60 phit.
Nhém tac gia ciing khing dinh NaX co dién tich bé mat riéng 1on
hon NaA nén hiéu qua xir Iy MB ctia NaX t6t hon.

3.6. Cin bang hép phu - cdc mé hinh hip phu ding nhiét

Dir liéu ctia cac md hinh hép phu dang nhiét nhu Langmuir,
Freundlich va Dubinin - Radushkevich dugc tinh toan dua trén
cac két qua thyc nghiém va duoc miéu ta & bang 1. Qua do, co
thé thay duoc su twong tic ciia cic phan tir MB va bé mat zeolite
NaX tai thoi diém can bang ¢ nhiét do khong doi [16]. Tir phuong
trinh duong ding nhiét Langmuir ¢6 thé xac dinh dugc q,,=16,67
mg/g, k =0,67 I/mg, R*=0,9843, trong khi cic tham sd cua
phuong trmh Freundlich la k. =5,69 /g, n=2,28 va R*=0,9936. H¢
sb hoi quy tuyén tinh cua ca hai mo hinh dang nhiét Langmuir
(R=0,9843) va Freundlich (R=0,9936) déu kh4 cao (bang 1).

Bang 1. Céc gia tri tham s6 clia cac phwong trinh dang nhiét.

Cic tham sb Langmuir  Freundlich  Dubinin - Radushkevich
k,_(I/mg) 0,67 - -

q,,, (mg/g) 16,67 - -

R? 0,9843 0,9936 0,7992

k. (I/g) 5,69 -

n - 2,28 -

B (mol*/J?) - - 0,075

E (kJ/mol) - - 2,58

Dong thoi, khi xem xét gia tri n duoc tinh toan tir phwong trinh
ddng nhiét Freundlich cho thiy n<10. Tir céc két qua trén, c6 thé
két luan rang qué trinh hap phu MB ciia vat liéu zeolite NaX tudn
theo ¢4 hai md hinh dang nhiét Langmuir va Freundlich, trong do
moé hinh Freundlich chiém wu thé do hé s6 R? cao hon. Nghién
clru vé qua trinh hfip phu MB cua zeolite chi ra rﬁng bé mit cua
zeolite dugc bao pht khong déng nhat vé mat ning luong, dan dén
sy phan bd khong déu cia cac phan tir MB tai cac vi tri hap phu
trén zeolite dd duoc trinh bay ¢ nhimng cong bd trude day [8, 22].
Tir mo hinh dang nhiét, ¢ thé két luan rang qua trinh hap phu MB
ctia zeolite NaX dién ra hiéu qua. Ngoai ra, gia tri ning lugng E
dugc tinh tr m6 hinh Dubinin - Radushkevich 1a 2,58 kJ/mol (<8
kJ/mol) cho thay qué trinh hép phu MB cta zeolite NaX phu hop
v6i qua trinh hap phu vat ly. Mot trong nhimg yéu t6 quan trong
gitip vat liéu zeolite NaX c6 thé hip phu vat Iy thuan loi d6 1a nho
vao dién tich bé mit riéng 16n va kich thudc 10 rong twong ddi 1on,
pht hop véi phan tir MB.

3.7. Dgng hoc hip phu

Bang 2 biéu dién phuong trinh dong hoc gia dinh bac 1 cua qua
trinh hép phu v6i R=0,7742 va q.=0,953 (mg/g). H¢ s hoi quy
tuyen tinh R? thip va sy khac blet gitta dung lugng hép phu cin
bang tinh toan so v6i dung luong hip phu can bang thuc nghiém
16n cho thay phuong trinh bac 1 khong phu hop véi qué trinh xtr
Iy MB cua zeolite NaX. Bang 2 ciing cho thdy phuong trinh gia
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kién bac 2 c6 R*=0,9998 va gia tri dung lwong hap phu can bing
tinh toan rat gan so véi gia tri dung lwong hdp phu can bang thyc
nghiém. Vi vay, phuong trinh dong hoc bac 2 phu hgp voi qua trinh
hap phu MB cuia zeolite NaX. Hé s6 goc ciia phuong trinh dong
hoc béc 2 (a=0,123) twong d6i nho, cho thay kha ning hap phy kha
tot clia zeolite NaX. Khi hé s6 goc cang nho thi dung luong hép
phu cia vét liéu cang cao. Dong thoi, hé s6 toe do hip phu k, ty 1€
nghich v6i dung lugng hap phu, k, cang nho dung luong hap phu
dugc trong thoi gian t cang 16m, toc d6 hap phu nhanh. Diéu nay
phi hop voi két qua thi nghiém khi k,=0,073 thi q =8,13 mg/g.

Bang 2. Cac tham sé cta phwong trinh gia kién bac 1 va bac 2.

a b q, tinh todn (mg.g") Kk (phit') Kk, (gmg'.phit") R’
Bic1l -0,042 -0,048 0,953 -0,042 - 0,7742
Bic2 0,123 0,207 8,130 - 0,073 0,9998

3.8. Kha ndng tai sir dung ciia zeolite NaX
Kha nang tai str dung cua vat liéu dugc trinh bay ¢ hinh 6.
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Hinh 6. D6 thi thé hién kha nang tai st dung cua zeolite NaX.

Két qua hinh 6 cho thy, hiéu suat xir Iy MB ciia vat liéu sau
qué trinh giai hép phu nhin chung van kha cao (75,14-66,12% qua
4 lan tai sir dung). Hiéu suét hip phu chi chénh léch khoang 0,7%
& 1an 1 va lan 2. Khi so v6i hiéu suat hip phu ban dau thi hiéu suat
hép phu lan 2 giam khoang 13,65%. Hiéu sut hap phu chi dat
khoang 70,76-66,12% (1an 3 va lan 4) va dugc dy doan sé tiép tuc
giam ¢ nhitng 14n tai str dung sau. Do d6, ¢6 thy thay rang vat liéu
zeolite NaX c¢6 kha nang tai sir dung sau qua trinh hap phu MB, tuy
nhién hiéu qua cao chi & 1an 1 va 2. Khi tiép tuc tai s dung zeolite
NaX thi hi¢u suat hip phu s& giam.

Vit ligu zeolite NaX tong hop tir nghién ctru ¢6 kha ning hip
phu hiéu qua MB trong nudc gia thai voi dung lwgng hap phy va
hi¢u sudt hap phu lan luot 1a 16,67 mg/g va 87,03%. Diém ding
dién cua vat liéu ¢ pH 6,6 va qua trinh h?ip phu MB ctia vat liéu
cho thay hiéu qua & méi truong kiém. Cac didu kién t6i wu cho quéa
trinh hap phu MB 1a ¢ pH 8, ndng do MB 15 mg/l, khdi lugng vét
liéu 0,05 g va thoi gian hdp phu 30 phut. Két qua ciing cho thiy
qué trinh hip phu MB bang zeolite NaX phui hop vdi md hinh hip
phu Freundlich va hip phy vat 1}'/, cling nhu phu hop véi phuong
trinh dong hoc béc 2. Nhimg két qua trong nghién ctru cho thiy
tiém nang cua zeolite NaX trong hdp phu céc loai thude nhudm,
kim loai nang va chét khi.
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